Rheumatic and musculoskeletal diseases (RMDs) encompass a spectrum of degenerative, inflammatory conditions predominantly affecting the joints. They are a leading cause of disability worldwide and an enormous socioeconomic burden. However, worldwide deficiencies in adult and paediatric RMD knowledge among medical school graduates and primary care physicians (PCPs) persist. In October 2017, the World Forum on Rheumatic and Musculoskeletal Diseases (WFRMD), an international think tank of RMD and related experts, met to discuss key challenges and opportunities in undergraduate RMD education. Topics included needs analysis, curriculum content, interprofessional education, teaching and learning methods, implementation, assessment and course evaluation and professional formation/career development, which formed a framework for this white paper. We highlight a need for all medical graduates to attain a basic level of RMD knowledge and competency to enable them to confidently diagnose, treat/manage or refer patients. The importance of attracting more medical students to a career in rheumatology, and the indisputable value of integrated, multidisciplinary and multiprofessional care are also discussed. We conclude that RMD teaching for the future will need to address what is being taught, but also where, why and to whom, to ensure that healthcare providers deliver the best patient care possible in their local setting.
Introduction
Rheumatic and musculoskeletal diseases (RMDs) encompass over 200 degenerative, inflammatory and autoimmune conditions predominantly affecting the musculoskeletal (MSK) system [1] [2] [3] . They are a leading cause of disability worldwide [4] and have a profound impact on quality of life through chronic pain, social exclusion, loss of employment and reduced productivity [1, 5, 6] . The economic burden of RMDs and the pressure they impose on healthcare services can be staggering [6, 7] . In Europe, RMDs are estimated to cost more than 200 billion Euros per year and are considered the most expensive diseases for healthcare systems [8] . Moreover, in the context of an ageing world population and increasingly sedentary and obesogenic lifestyles, the impact of RMDs on society is expected to increase further [6] .
In an effort to raise global awareness of the burden of RMDs amongst policy makers and the public, a working group for the American College of Rheumatology (ACR) and European League Against Rheumatism (EULAR) have developed a consensus statement defining RMDs: 'A diverse group of diseases that commonly affect the joints, but can also affect any organ of the body. There are more than 200 different RMDs, affecting both children and adults. They are usually caused by problems of the immune system, inflammation, infections, or gradual deterioration of joints, muscle, and bones. Many of these diseases are long term and worsen over time. They are typically painful and limit function. In severe cases, RMDs can result in significant disability, having a major impact on both quality of life and life expectancy' [2, 3] .
The World Forum on Rheumatic and Musculoskeletal Diseases (WFRMD) [9] is an international think tank of rheumatology experts and related specialists, dedicated to increasing awareness of RMDs as a burden to society and to improving local and global RMD care. Our inaugural white paper [10, 11] identified education as a key priority due to the marked shortage of rheumatologists globally and the inadequacies in RMD knowledge and confidence documented among primary care physicians (PCPs) [10] . The implication of these findings is that PCPs are poorly prepared for diagnosing and managing RMDs, resulting in delays in referral.
The aims of this second white paper are to:
1. Foster dialogue between rheumatologists and medical education specialists, and advocate that all medical school graduates should attain a basic level of RMD competency. This would ensure that PCPs are able to confidently diagnose, initiate appropriate treatment without delay or refer RMD patients to rheumatologists.
Support improvement in undergraduate RMD education
by providing stakeholders with an up-to-date needs assessment and an overview of evidence-based modern RMD learning methods with examples of best practice from around the world. 3. Identify strategies to attract more medical students to a career in rheumatology and encourage the incorporation of these strategies into undergraduate medical school curricula.
Methods
A full-day meeting of the WFRMD was held in Abu Dhabi on 20 October 2017 to define the aims and scope of this white paper. A list of topics for discussion was circulated to meeting invitees in advance of the meeting, expanding on the key challenges, barriers, and opportunities in undergraduate RMD education identified in the previous white paper. The discussions culminated in the development of a framework, based on the six-step approach to curriculum development by Kern et al. [12] addressing the following areas: (1) needs analysis, (2) curriculum content, (3) interprofessional education, (4) teaching and learning methods, (5) implementation, (6) assessment and course evaluation, (7) professional formation and career development.
A focused PubMed literature search was conducted based on the agreed framework. The search focused on publications from the year 2000 onwards, to more closely reflect current practices.
Needs analysis

Burden of RMDs
RMDs are estimated to account for 10-30% of primary care visits for both adults and children [13] [14] [15] [16] [17] [18] [19] . According to a recent systematic analysis for the Global Burden of Disease Study 2016, low back pain is the leading cause of years lived with disability across all 195 countries and territories studied, with serious implications for quality of life, work productivity and healthcare services globally [4] ( Table 1) .
The Center for Disease Control and Prevention (CDC) recently reported that one in four adults in the USA now have arthritis. The report also emphasised that RMDs such as arthritis can negatively impact chronic comorbidities including obesity and type 2 diabetes [21] . Conversely, obesity has been implicated in the development or progression of a number of RMDs [22] . According to a recent global report, the number of adult women with obesity increased from 69 million in 1975 to 390 million in 2016. Over the same timeframe, the number of adult men with obesity increased from 31 to 281 million [23] . Worldwide, the number of girls and boys with obesity has increased from 5 and 6 million in 1975 to 50 and 74 million in 2016, respectively [23] . This rising prevalence of obesity, for both adults and children, has profound implications for RMD healthcare and the societal burden of RMD conditions. [20] . Data are for males and females of all age groups. MSK musculoskeletal (diseases), YLDs years lived with disability
Patient needs
The effective management of RMDs depends upon integrated, multidisciplinary and multiprofessional care centred around the needs of the individual. Optimal management of RMDs can often be provided within the community and primary care setting (e.g. regional pain, non-specific back pain and mild/moderate osteoarthritis). However, in many cases, the expertise of a rheumatologist and access to specialist services and facilities are also warranted [24] . A seamless continuum of health services encompassing all levels of care is therefore required to ensure the timely diagnosis and management of patients by healthcare professionals (HCPs) with the appropriate competency (UK National Health Service principles of 'right care, right time, right place' [24, 25] ).
Workforce needs
Inadequacy in undergraduate RMD education
At the turn of the twenty-first century, undergraduate education in rheumatology was deemed to be inadequate across the globe [26] . In certain medical schools in Latin America, rheumatology accounted for ≤ 1% of the total programme credits [27] . Meaningful progress has since been made by virtue of global initiatives, such as the World Health Organization (WHO)-endorsed 'Bone and Joint Decade' (BJD) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . A key priority for the BJD was to increase the education of all HCPs working in MSK medicine [28] . The US BJD's 'Project 100' was founded to enhance recognition of MSK medicine as an 'essential discipline' by all medical schools, and to ensure that it is given equal emphasis to other organ systems [29] . This work led to the development of recommendations for core RMD curricula and some curricular reform [30] [31] [32] [33] [34] . Nevertheless, worldwide deficiencies in RMD knowledge and skills among medical school graduates and PCPs persist [27, 35, 36] . Surveys of students, graduates, PCPs and even young rheumatologists consistently reveal low confidence in MSK competencies [16, [37] [38] [39] [40] . Furthermore, studies assessing RMD knowledge and clinical skills using the validated Freedman and Bernstein examination demonstrated poor competence among graduates and students irrespective of where they were educated [37, [41] [42] [43] [44] [45] [46] [47] [48] [49] (Table 2 ). Alarming deficiencies in the RMD knowledge of junior doctors and PCPs have also been widely reported [39, 43, [52] [53] [54] .
Clinicians often lack confidence in diagnosing children and young adults presenting with MSK symptoms [55] ( Table 2 ). This is particularly problematic as paediatric patients with MSK symptoms often present to nonspecialist clinicians [18] and although most cases are minor, the differential diagnosis can include serious and even life-threatening conditions [33] .
The importance of early diagnosis and appropriate treatment in improving long-term prognosis for patients with RMDs cannot be overstated. Developed countries have seen a substantial reduction in the time to diagnosis for patients with rheumatoid arthritis, indicating greater awareness of the importance of early diagnosis [58] . However, this is not the case in regions of economic inequality with disparities in access to public healthcare and restricted access to private medicine [58, 59] . As many patients with RMDs will ultimately present to nonspecialists [60] , gaining basic adult and paediatric RMD knowledge and competencies should be a fundamental requirement of global undergraduate medical education. This is especially pertinent in countries which are devoid of rheumatologists and/or where undergraduate medical education is the only training that a PCP will receive [41] . In many areas of the Americas, for example, patients with RMDs are often treated by non-specialists lacking training and/or experience in the management of such conditions. Education regarding transitional care for children and young people who transfer to adult rheumatology care is also lacking. Recent National Institute for Health and Care Excellence (NICE) guidance in the UK and EULAR recommendations for paediatric rheumatology [61] highlighted unmet education and training needs across the RMD workforce-not just for specialists but also allied health professions and PCPs. Recommendations from the literature for improving RMD education include increased exposure to adult and paediatric RMDs (including the more common MSK conditions) in undergraduate curricula [37, 38, 54, 62, 63] , increased time and resources devoted to MSK anatomy [54] , and clinical rotation in a MSK field [47] .
Shortfalls in rheumatologists
Although an increase in the number of rheumatologists and training programmes has been observed in recent years [64] , global and regional shortfalls remain (especially for paediatric rheumatologists) as well as pronounced disparities between urban and rural areas [10, 35, 60, [64] [65] [66] . Factors contributing to this shortage are complex and multifaceted. However, from the perspective of undergraduate education, more effort is needed to increase exposure to RMDs and improve understanding of what rheumatology is in order to attract medical students to this specialty.
Curriculum content
Core recommendations and curriculum design
Being dynamic, multi-dimensional, contextual and flexible are essential qualities for modern curricula. Educational goals and learning objectives for undergraduate MSK medicine have employed a range of methodologies [30, 31, 34, 67, 68] . In 2005, The Association of American Medical Colleges (AAMC) provided an overview of learning objectives for the knowledge, skills and attitudes relevant to MSK conditions that all students should acquire during medical school [30] . This report also included the panel's views on educational strategies, curriculum design, implementation and assessment, plus a description of tools to aid curriculum management [30] .
One of the primary outcomes of the BJD was the publication of a set of global core curriculum recommendations for undergraduate RMD education, developed by experts from across 29 countries with a spectrum of relevant specialties [31] . The curriculum was subsequently validated by educators across Canada representing 77 accredited academic programmes [69] . Although the importance of certain items was rated differently by orthopaedic surgeons compared to rheumatologists, all 80 items proposed by Woolf et al. received a mean rank score of ≥ 3 out of 4, with 4 deemed to be most important [69] . Of note, 35 items received a mean score of ≥ 3.8 and were classified into three categories: (1) clinical assessment (accurate and thorough history-taking and physical examination), (2) emergency and red flag conditions and (3) common problems that any physician might encounter [69] . The study also identified additional topics which were incorporated into the multidisciplinary Canadian MSK Core Curriculum [69] . Based on the global core curriculum, the Australian Musculoskeletal Education Collaboration (AMSEC) also developed and published its own 'National Core Competencies in Musculoskeletal Basic and Clinical Science' [50] .
In 2009, The Association of Academic Physiatrists (a partner of the US BJD Project 100) published their white paper on MSK education for medical students which advocated for an Table 2 Evidence of global inadequacies in undergraduate RMD education
Region
Inadequacies in undergraduate RMD education Australia A national workshop with academic teaching and student representatives confirmed inadequacies in MSK teaching nationally [50] . Barbados
In a small study of final year medical students, > 80% failed the Freedman and Bernstein * examination [46] . Egypt > 80% of PCPs surveyed (n = 297) reported low confidence in performing MSK physical examinations and in accordance with this, 75% achieved an unsatisfactory score in the assessment [39] . India
The majority (95%) of final year medical students assessed failed to demonstrate basic MSK competency [45] .
Ireland
Out of 303 participants assessed using the Freedman and Bernstein examination,~70% of general practitioners and general practice trainees failed to achieve a passing score; > 85% of medical students who had completed an intensive 1-week course in MSK medicine also failed the examination [43] . Latin America According to PANLAR online surveys of national society presidents and members, only 29% of Latin American medical schools taught undergraduate rheumatology and 72% of 316 respondents agreed that the majority of doctors in Latin America lacked training or had poor knowledge of clinical rheumatology [51] .
Mexico
Poor clinical competence in rheumatic disease management was identified by a cross-sectional survey of PCPs (n = 104), > 50% of PCPs demonstrated suboptimal knowledge [52] . Nigeria All pre-internship graduates (from 7 Nigerian medical schools) tested over a 3-year period failed to pass the Freedman and Bernstein examination (scores from 7% to 67%) [41] . Saudi Arabia Overall knowledge of osteoarthritis among PCPs surveyed was found to be inadequate (only~50% of responses received were correct) [53] . UK Assessment of MSK knowledge in junior doctors at the end of their 2-year foundation programme found that > 90% of respondents failed the Freedman and Bernstein competence examination [54] . Assessment of the MSK system was shown to be routinely neglected or sub-optimally performed during paediatric in-patient admission at 4 different hospitals. Self-reported confidence of specialist registrars in MSK assessment was found to be low and none could recall learning paediatric MSK examination skills during their undergraduate training [55, 56] . Paediatric MSK clinical skills in the UK were found to only be included in a minority of undergraduate curricula, the content taught was variable and the skills rarely featured in student assessments [57] . USA Medical schools across the USA have consistently reported poor student performance in the Freedman and Bernstein examination (pass rate < 50%), despite an appreciation of the importance of RMDs [37, [47] [48] [49] . MSK clinical instruction continues to be underrepresented in undergraduate curricula: MSK clerkships were found to only feature in 15% of medical schools (mean of 2 ± 1 weeks) and clinical MSK medicine selectives were only offered in 34% of medical schools [36] . interdisciplinary model for education [68] . The publication provided examples of curricula that can be implemented during each year of medical school covering anatomy (year 1), physical examination (year 2), core clinical rotations (year 3) and advanced elective clerkships (year 4). They also provided guidelines and examples for assessing core clinical rotations and advanced electives [68] . In 2015, Jandial et al. published consensus-based learning outcomes for undergraduate paediatric MSK medicine [34] . The outcomes encompassed indicators of important RMDs, such as inflammatory arthritis, as well as common conditions presenting within primary care and paediatrics [34] . Paediatric MSK learning outcomes for GP trainees have also been produced [33] . The language around education is constantly evolving and with it, our interpretation and strategies of applying key principles. Following considerable discussion around the merits of 'competency-based' education [70] and implications surrounding assessment and accreditation, educational outcomes are increasingly being defined using 'EPAs' (entrustable professional activities) [71] . EPAs have been adopted by accreditation bodies in the USA and Canada, and are currently being discussed in Australia. Importantly, EPAs separate performance of job tasks from the more complex array of competencies that reflect the person delivering the care, making it easier to accredit readiness for work. They also incorporate milestones as a means of monitoring progress [72] . Initial work on the MSK standards described above employed the concept of competencies. However, incorporating EPAs into discussions at the medical student level could allow education goals to be more readily tailored to local workforce needs.
MSK anatomy and basic science
Over the past 20 years, many institutions have reduced time devoted to laboratory anatomy or discontinued dissectionbased teaching altogether [54, 73, 74] . Although this may be appropriate in certain clinical scenarios, there is a consensus in the literature that RMD medicine relies heavily on a solid foundation in internal and surface MSK anatomy and the 'sense of touch' [54, 73, 75, 76] . Medical school educators and students have voiced concerns over the insufficient time allocated to MSK anatomy in undergraduate curricula [45, 50, 54, 73] and there is evidence that anatomy knowledge among HCPs in the field is lacking [75, 77] . A review of methodologies for the teaching of clinical anatomy in rheumatology was published by a Clinical Anatomy Study Group, which met at the 2014 Annual Meeting of the ACR [78] . Modern rheumatology also requires a good understanding of basic science and in particular, immunology. A detailed appreciation of the molecular disease pathways may, however, be unnecessary at undergraduate level.
GALS and pGALS
The Gait, Arms, Legs and Spine (GALS) examination [79, 80] is still regarded by many as a valid MSK screening method and is included in global recommendations for undergraduate RMD curricula [31, 63, 81] . However, evidence suggests that attitudes towards the GALS examination may be changing. A recent study from the UK revealed that although 77% of rheumatologists were taught using GALS, only 21% used this screening tool in clinical practice [82] . Furthermore, according to a 2014 PANLAR survey of Latin American rheumatologists, 32% were not familiar with the GALS examination [51] . A desire to simplify and standardise the teaching of undergraduate MSK clinical examination skills has emerged [82, 83] ; the concept of a streamlined core physical examination has also received some support [84, 85] .
The paediatric GALS (pGALS) [62, 86] [87] . To further support students and nonspecialists who lack confidence in performing the pGALS examination and diagnosing paediatric MSK conditions, a free online resource called Paediatric Musculoskeletal Matters (PMM) [88, 89] was developed (Table 3) . While simple paediatric MSK physical examination tools do exist, an adequate knowledge base is a prerequisite for the interpretation of clinical findings [33] .
Interprofessional education
In today's healthcare environment, optimal patient-centred care is dependent upon collaborative practice [96] . The care of patients with RMDs, who are managed by multidisciplinary teams, supports a need for all relevant HCPs to be adequately trained and supported to collaborate in delivering appropriate MSK healthcare: triage and early diagnosis, access to the right care and shared care following diagnosis.
Interprofessional education (IPE) is the process by which students across different disciplines come together to learn common curricular components, with the aim of ensuring effective future collaboration between HCPs and ultimately providing improved patient care. The WHO identified IPE as a key policy issue and is promoting interprofessional training and collaborative practice as part of its future workforce strategy [96, 97] . Specific aims of IPE include understanding different health professionals' roles, competencies and mindsets and developing attitudes that facilitate effective teamwork [96] .
Although RMD education lends itself to IPE, it rarely features in health education programmes, partly due to challenges associated with designing and implementing IPE in health science curricula [98] . A comprehensive literature review, which included 83 IPE studies (2005) (2006) (2007) (2008) (2009) (2010) , suggested that the most common barrier was scheduling (47%), followed by learner-level compatibility (18%) [99] . Among studies that reported administrative support as a key factor for success, financial support (e.g. institutional or grant support) was reported to have the largest positive influence (39%) [99] .
The majority of studies investigating the impact of IPE activities focus on outcomes such as student learning about professional roles, team communication and student satisfaction [99] . Several studies have described interprofessional curricular activities at individual institutions. A study conducted in Düsseldorf, Germany, evaluated the implementation of an interprofessional curriculum (medical and physiotherapy students) across different stages of training [98] . The study reported high levels of student satisfaction, high examination pass rates (94%) and 100% student support for the continuation of the interprofessional unit [98] .
Considerations for implementation of IPE curricula include identifying the best timing for its incorporation relative to student development, formation of professional identities and methods for learning team management skills. A recent review of 16 US medical schools discussed key issues around IPE implementation including: common IPE practices (simulation, didactic or team-based learning) and activities, IPE activity objectives, overcoming challenges, evaluation of whether learners were meeting planned objectives (instrumental and formative methods), effective faculty development strategies and general best IPE practices [100] . An important finding supported by previous publications [101] was that faculty development, which is crucial for IPE to be effective, was often neglected and under-resourced. The authors also emphasised the lack of broad consensus on measures of IPE as many instruments only measure short-term benefits.
From a broader global perspective, it may be important to expand the concept of IPE to include non-professional healthcare providers (transprofessional education), in Rheumatology teaching resources (problem-based learning and case study method) have been developed by the University of Barcelona and are freely available online (in Spanish) [93] .
ACR American College of Rheumatology, AMSEC Australian Musculoskeletal Education Collaboration, GALS Gait/Arms/Legs/Spine physical examination, MSK musculoskeletal, NICE UK National Institute for Health and Care Excellence, PCPs primary care physicians, pGALS paediatric GALS, RMDs rheumatic and musculoskeletal diseases recognition of the dependence of developing country healthcare systems on basic and ancillary health workers [102] . Ultimately, inter-and transprofessional teamwork is a fundamental aspect of best practice for the care of patients with RMDs. The more that education reflects this, the better equipped healthcare providers will be to deliver integrated, patient-centred care.
Teaching and learning methods
Curricular reform
Many studies from the USA and Europe have described curricular reform and implementation at individual institutions, referring to both clinical and pre-clinical MSK courses of varied duration [103] [104] [105] . A multidisciplinary approach is encouraged [74] . A successful demonstration of this approach is the 6-week multidisciplinary course in MSK medicine for first year medical students, designed by faculty from the departments of orthopaedic surgery, rheumatology and anatomy at the Louisiana State University Health Sciences Center [105] . The objective-based and problem-centred course was well received. Evaluation revealed significant improvement in the mean score for the competency examination (77.8% vs 59.6% for a historical comparison group, p < 0.05), and all students passed the general MSK physical examination [105] . The University of Minnesota developed an integrated, multidisciplinary MSK course (orthopaedics, rheumatology and physical medicine and rehabilitation) for second year medical students [106] . The study concluded that students were more knowledgeable and confident in MSK examination and succeeded in retaining their physical examination skills after completing the course [106] . In 2006, the University Hospitals of Leicester, England, introduced a 7-week teaching programme in MSK medicine consisting of supervised clinical learning, weekly plenary sessions, a task-based workbook and special interest clinics/experiences [103] . At the end of the course, a small improvement in student performance was observed across all domains tested in a multiple choice question (MCQ) examination [103] .
Based on the AMSEC competency standards, the University of Adelaide developed an intensive 6-week MSK medicine ward and outpatient-based clinical attachment integrating orthopaedics, rheumatology and rehabilitation in year 4 of a 6-year undergraduate degree. To address deficiencies in anatomy, three 4-h resource sessions were introduced covering spine, lower limb and upper limb clinical applications (physical examination, radiological interpretation, joint aspirations and joint relocations [107] . A blended learning, 'flipped classroom' approach was employed with online tasks and assessments preceding face-to-face interactive clinical problem-or case-based tutorials run by clinical staff. A marked improvement in MSK knowledge, examination skills and clinical reasoning was noted by senior clinicians involved in teaching and OSCE assessments. The students also reported increased confidence and preparedness for practice (M Chehade, Adelaide Medical School internal report data). The online resources trialled were developed to be freely available as part of the AMSEC project [50] . Videotaped OSCEs using simulated patients with asynchronous, annotated performance feedback have recently been introduced and are currently being evaluated with very positive initial impressions (M Chehade, personal communication).
Learning methods and interventions
Improvements in RMD education can only be achieved through a better appreciation of effective learning strategies. It is important to recognise that increasing teaching hours does not guarantee improvements in student competence (e.g. + 1.5-h physical diagnosis [total 10 h]; + 6.5-h lectures [total 18.5 h]; + 5-h laboratory [total 23 h]) [47] .
Many interventions have been tested to investigate the effectiveness of different teaching methods, and comprehensive pragmatic and systematic reviews of evidence-based strategies for the teaching of undergraduate RMDs have been published [74, 104] . Examples of successful teaching strategies include the following: small interactive group sessions [81, 108, 109] , flipped classroom learning [110] , the use of patient educators/partners [109, [111] [112] [113] , team-based learning [114, 115] , peer-assisted learning [116, 117] , e-learning or computer-assisted learning as a useful adjunct [118] [119] [120] [121] and the use of MSK ultrasound to facilitate the learning of anatomy [122] [123] [124] . Educators in the field of RMDs have been encouraged to embrace new teaching strategies and learning styles [40, 82, 93] .
Modern medicine evolves rapidly and requires graduates to be equipped with the skills to be independent, lifelong learners [97, 119] . The introduction of continuous learning methods should, therefore, begin early on. Strategies involving information science and/or computer technology can help facilitate the transition to active learning. Naranjo et al. present an elegant overview of rheumatology teaching innovations and online resources from the Spanish Society for Rheumatology and three Spanish universities [93] (Table 3) . Freely accessible online and app-based educational materials (Table 3) can be especially useful when resources are limited. A subsidised, online course on paediatric rheumatology (postgraduate level) is also available via the EULAR website, with discounted prices for low-and middle-income countries [125] .
E-learning materials and teaching apps are being increasingly relied upon as teaching aids; however, efforts are needed to evaluate their effectiveness at imparting desired learning outcomes. The AMSEC competency framework (developed with Mind-Mapping software) may provide an ideal platform for communicating and organising future teaching and learning content for MSK and IPE, from both competency and EPA perspectives [97, 126, 127] .
Implementation
The implementation of any curriculum can present challenges and barriers to effective teaching, such as pressures on time and insufficient resources [74] . Undergraduate RMD education is not immune to these; in a recent study involving orthopaedic and rheumatology educators in the UK, 63% of clinicians stated insufficient time as the main barrier to providing effective skills teaching and 31.5% quoted organisational and institutional factors [82] . Challenges and recommendations specific to the teaching of MSK medicine are presented in Table 4 .
Assessment and course evaluation
Assessment of learners
Assessment typically involves written MCQ-style tests in the pre-clinical years followed by subject-specific clerkship exams in the clinical years [74] . In their review of MSK education in the USA, Monrad et al. discuss the advantages of different exam formats including one-bestanswer and script concordance, which permits assessment of clinical reasoning in a context of uncertainty better reflecting clinical practice [74] (Table 5 ). There is no doubt that assessment is an integral component of student engagement; hence, the adage 'assessment drives learning' [138] . Furthermore, the clinical importance of rheumatology is only likely to be appreciated by medical students if it is given commensurate weighting in examinations [45] . This is particularly relevant in the current climate of limited awareness of social accountability by medical students [139] . For these reasons, inclusion of RMDs in examinations is of paramount importance and rheumatologists should be advocating this [82] .
There is also a need for adult rheumatologists, and paediatric rheumatologists, to act as examiners and to 'teach the teachers'. In the UK, a discriminatory MSK station was introduced to the general paediatrics mandatory examination (MRCPCH) in 2009. However, it is mainly assessed by general paediatricians, who may require support from specialists due to a lack of confidence in MSK examination [55] . The importance of education and of paediatric rheumatology multidisciplinary teams engaging with teaching was highlighted in the UK BSPAR standards of care [140] . The 2016 European Syllabus for Training in Paediatric Rheumatology also stressed the importance of trainees having the skills to teach and be involved in teaching at all levels of medical education [141] . [42] Selection of teachers who would serve as role models and who are committed and engaging, and provision of adequate teacher ('teach the teacher') training to cascade knowledge [74, 82] Over-reliance on technology for teaching clinical examination skills [42] Protected time for rheumatology educators to mentor students
Shortage of faculty with clinical MSK instruction skills and low confidence in teaching these skills among non-MSK specialists [42, 128] Increased awareness of global core competencies for undergraduate RMD education and harmonisation of RMD teaching, learning methodologies and assessment strategies worldwide [129] Scarcity of effective teaching patients [42] Incorporation of innovative approaches such as patient/parent partners/educators, to involve the patient perspective in the teaching of future professionals [130] , blended learning and IPE Poor communication between relevant specialties [128] No consensus on what to teach and lack of standardised approach to MSK examination [51, 82, 128] IPE interprofessional education, MSK musculoskeletal, RMDs rheumatic and musculoskeletal diseases
Course evaluation
Prior to implementation of any curriculum changes, it is essential to consider how the intended outcomes will be assessed with respect to both immediate and longer-term impact. Comprehensive frameworks for conducting meaningful evaluations of academic programmes have been provided elsewhere [142] . Commonly used metrics include student satisfaction and student performance, also referred to as 'assessment gains' [74] (Table 5) .
Evaluation should be distinguished from academic assessment, although assessment gains are often used as part of the programme evaluation. This typically involves comparing examination scores of two groups of students: (1) students who completed a new curriculum versus the last group to complete the old curriculum [103, 143] and (2) students who volunteered or were randomly selected to participate in an intervention versus students who received standard tuition. Some studies have compared overall group performance before and after an intervention as an indicator of successful learning; however, the information provided by this strategy is more limited.
Professional formation and career development
While some RMDs can be managed in primary care, the management of more complicated, multi-system, progressive diseases (or complex examples of common conditions) requires specialist expertise [24] . The global shortfall in rheumatologists alongside the increasing burden of RMDs highlights the urgent need to attract more medical students to a career in rheumatology [66] . Increasing exposure of medical students to RMDs early on is key. Students also need to gain a clear understanding of what rheumatology is, to enable them to distinguish it from related disciplines. Appreciation of the more nuanced factors that influence career choice, such as the perceived distinguishing qualities of clinicians practicing in that field, or the high degree of professional satisfaction is also important [144] .
A study reporting how rheumatology fellows defined the qualities of a rheumatologist identified phrases such as 'intellectual', 'intelligent' and 'curious', 'the detective work of fitting things together' and 'the ability to deal with uncertainty and complexity' [144] . Trainees were also attracted to the 'complexity, variety, and depth of the diseases' which led them to develop an intellectual interest in rheumatology [144, 145] . Emphasising a 'bench to bedside' message may, therefore, be a successful recruitment strategy [145] . Lifestyle frequently features as an important factor in specialty choice; however, it was mentioned by only 14% of trainees when asked what attracted them to rheumatology [144] . While challenging to disentangle, rheumatology fellows appeared to value intellectual reward and a controllable lifestyle above remuneration [145] .
A survey of US rheumatology trainees revealed that interest in the specialty typically developed during internship and residency (> 75%). Nevertheless, many residents began developing an interest in rheumatology relatively early on in their medical education (> 25% within the first 3 years of medical school) [144] . The most commonly cited influences on this decision were a clinical rotation in rheumatology (~35%), a clinical mentor (28%) and patient interaction (14%) [144] . The multiple factors contributing to career decisions provides opportunities for medical schools to target students using different approaches that rely on their individual strengths [144] . An alternative approach is to minimise the effect of negative factors, such as the shortage of training positions [145] . [131] . The test, consisting of 60 questions, was designed for fifth year medical students with a view to including it in their computer-based national ranking examination (iNRE) [131] . OSCEs Specific OSCEs have been designed to assess MSK clinical examination skills [109, [132] [133] [134] [135] which can provide valuable insight into students' clinical competence and skillsets [74] . MSK subject examination
The National Board of Medical Examiners in the USA have developed a MSK subject examination [136] .
Longitudinal assessment
A 'progress test' to estimate gains in student MSK knowledge as they progressed through the undergraduate course was devised at the University of Sheffield, UK. The computer-based assessment evaluated competence in clinical MSK medicine and underpinning basic science that would be required of a newly qualified doctor [137] .
MSK musculoskeletal, OSCEs objective structured clinical examinations
Recommendations for attracting students to rheumatology:
1. Medical curriculum designers should be encouraged to build early clinical exposure to RMDs and interaction with patients into the undergraduate curriculum. However, it is important that this is approached carefully; patient contact should occur at a point when the student is able to understand and integrate knowledge of basic pathophysiology, disease symptoms, diagnostic tools and treatment pathways. 2. It is the responsibility of rheumatologists to promote and convey enthusiasm for rheumatology and be good role models. Career talks should be incorporated into the curriculum to allow students to gain insight into rheumatology as a career including an accurate appreciation of the lifestyle associated. Rheumatologists should actively engage in teaching and mentoring to inspire the next generation of clinicians. 3. During undergraduate medical education, rheumatology must be presented as the intellectually stimulating, fastpaced field that it is, referring to complex, intriguing clinical cases, sophisticated novel pharmacotherapies and exciting research opportunities [1, 111] . More students should be encouraged to attend congresses (e.g. ACR, EULAR, Advanced Academic Rheumatology Review Course [ADARRC]) which offer free places for students, to provide structured exposure to rheumatology research.
Conclusions
RMDs are a leading cause of disability worldwide [4] and have a profound impact on quality of life through chronic pain, social exclusion, loss of independence, discrimination, loss of employment and diminished work capacity. Recommendations concerning education of the RMD workforce must aim to meet the needs of people with or at risk of RMDs. Policy discussions should focus on how these needs can be met in light of current and future demographic changes, such as ageing, the increasing burden of chronic and noncommunicable diseases, multi-morbidity and calls for better integrated patient care. This white paper highlights the importance of attracting more medical students to a career in rheumatology to manage the more complex conditions. However, a balanced workforce with different levels and types of competency is of fundamental importance to provide holistic patient-centred care. It is therefore imperative that all medical school graduates attain a basic level of RMD competency to ensure that PCPs are able to confidently diagnose, initiate appropriate treatment without delay or refer RMD patients if possible and where necessary. The establishment of an international collaboration of RMD educators and other stakeholders to develop, share, disseminate and evaluate educational resources and strategies to promote the advancement of RMD care globally would be an important step forward.
Teaching for the future must reflect how healthcare will be delivered, which has implications not only on what is being taught but also where, why and to whom [96] . Interand transprofessional education are universally recognised as the direction for the future of medical education [102] . However, due to barriers identified herein, blueprints for their successful implementation have yet to be developed. This offers an opportunity for specialties to lead; the field of RMDs in particular has a great need for inter-and transprofessional teamwork and the delivery of RMD care showcases the expertise of this community in providing integrated care. Undergraduate RMD education must, therefore, ensure that all relevant healthcare providers are equipped to operate in this way to deliver the best patient care possible in their local healthcare setting. 
